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Extraction of Fluorotelomer Alcohols from 
Sludge-Treated Soil Samples and Soils with High FTOH Concentrations 

I. REAGENTS: 

A. NPW (Nanopure Water) 
l. Use laboratory de-ionized, 18MQ (nanopure) water 

B. Optima Grade MTBE 

C. (13C2-2H2)8-2FTOH (m8-2FTOH) Extraction Recovery Stock Solution 
Prepare from Well ington Certified Stock Solution in MTBE to give a concentration of 
50 - 70 pg/J.lL m8-2FTOH. 

D. (13C2-2H2)l0-2FTOH (ml0-2FTOH) Matrix Internal Standard sSolution 
Prepare two solutions in MTBE from Wellington Certified Stock Solution to give 
concentrations of 50 pg/J.lL and 5 pg/J.lL m I 0-2FTOH. 

II. SOIL SAMPLE EXTRACTION 

A. Determine Soil Sample Moisture Content. 
1. Weigh three - 1-5 gram aliquots to tared weigh boats; vacuum dry over Drierite 

for 18 hours and weigh again. 
2. Repeat step II.A. l as needed until constant weight is obtained. Calculate percent 

moisture of soil. 

B. Prepare & Extract Spiked Soil Sample 
1. Charge l g dry-weight equivalent of sludge-treated soil to pre-weighed (tube and 

cap) MeOH or MTBE -washed, 16-mL polypropylene copolymer (PPCO) 
centrifuge tubes with size-18 PPCO caps. Tubes cleaned by rinsing/shaking 
capped tube 3X with 3mL MeOH, or by adding 5mL MTBE, capping and rotating 
overnight on Labquake Rotisserie Shaker. 

2. Add sufficient NPW to achieve total H20 content of 5 g, accounting for calculated 
moisture content of soil as added to the tubes. Weigh tube + soi l + water 

3. Add 3 mL of m8-2 FTOH spike solution, as recovery internal standard, to soil 
water mixture, cap, and vortex. Weigh tube + soil + water + MTBE w/ spike. 

4. Place tubes on Labquake Rotisserie Shaker and rotate for 15 to 24 hrs. Weigh 
again (optional) to compensate for any evaporation ofMTBE. 

5. Centrifuge in Sorvall at 37,000 x g and 18 to 22 °C for 30 min. 
6. Freeze sample until water is frozen, transfer MTBE phase into tared 12 mL glass 

vial, and weigh (optional) vial plus extract. 

C. Extract Spiked Soil Sample Three Additional Times with MTBE 
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FTOH Exhaustive Extraction SOP -2- April2, 2010 

1. Thaw centrifuge tube, reweigh, add 3 mL MTBE and reweigh again (optional). 
2. Repeat steps B.4 , B.5, and B.6, combining extract with that in 12 mL vial. 
3. Repeat steps C.l and C.2 twice more, for a total of 4 extractions. 
4. Weigh vial with combined MTBE extractions and record in data table mass of 

MTBE recovered. 
D. Prepare Combined Extract for GSMC Analysis 

1. If no dilution is required, transfer 900uL combined extract from 12mL vial to 
tared (with cap) autosampler vial. Reweigh autosampler vial. 

2. Add lOO~L 50pg/~L m10:2 FTOH matrix internal standard stock solution to 
autosampler vial and reweigh again. Calculate concentration ofm10:2 FTOH in 
pg/g and mass/mass dilution ratio. 

3. If dilution is required, begin with 1 OX dilution. Transfer lOOuL combined extract 
from 12mL vial to tared (with cap) autosampler vial. Reweigh autosampler vial. 

4. Add 900~L 5pg/~L m10:2 FTOH matrix internal standard stock solution to 
autosampler vial and reweigh again. Calculate concentration ofm10:2 FTOH in 
pg/g and mass/mass dilution ratio. 

5. If additional dilution is required, repeat steps 0.3 and 0.4, using the previously 
diluted sample as a starting point. 

E. Extract storage 
1. Store extract remainders in freezer using 36 section sample boxes, with 

appropriate labelling. 

F. Example Multiple Extraction Results from SESD-07-0702-Sampling in Decatur, 
Alabama 
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Exhaustive Extraction of Perfluorinated Alkyl Acids (PF AAs) from 
Soil, Sludge-treated Soil and Sediment Samples with Ion-Pairing Cleanup 

I. REAGENTS: 

A. Polished Nanopure Water (PNPW) 
I. To polish water, i.e. , purge of PFCAs, use glassware system dedicated to water polishing. 
2. Pass 2L 18MQ (nanopure) water through a 60cc "Oasis HLB" cartridge (use the same 

cartridge no more than 3 times). 
3. Store polished NPW in dedicated 1 L containers. 

B. Polished Tetr abutylammonium (TBA) Mix (Ion Pairing Reagent) 
I. Prepare 0.50M Tetrabutylarnmonium Hydrogen Sulfate (TBAHS) in 18MQ nanopure 

water. 
2. Prepare 0.25M Na2COJ in 18MQ nanopure water. 
3. Add 2.0 parts Na2COJ solution to I .0 part TBAHS solution, mixing slowly to avoid 

spillage due to C02 generation. 
4. Place a 500mL Nalgene waste collection bottle in the reservoir of a Waters or comparable 

solid-phase extraction (SPE) vacuum system. 
5. Mount a 35cc HLB cartridge on the port above the Nalgene bottle. 
6. Flush with 50mL NPW and 50mL methanol, HPLC grade. 
7. Replace the waste Nalgene bottle with a methanol-washed Nalgene bottle; and discard 

the waste. 
8. Pass the TBA Mix in part 1.8.3 through the cartridge until desired volume has been 

polished; cap and label polished TBA mix. 
9. Flush cartrridge with 50mL methanol (MeOH) per steps 1.8.4 and 1.8.6. Store in labe lled 

Ziploc bag for further use in polishing this reagent mix only. 

C. 13Cs-PFOA (M8C8) Extraction Recovery Spike Solution 
1. Prepare from Cambridge Isotope Laboratories Certified Stock Solution in 60/40 (v/v) 

ACN/polished water to give a concentration of - 100 ng M8C8 per gram of solution. 

D. 13C9-PFNA (M9C9) Cleanup Recovery Spike Solution 
1. Prepare from Wellington Certified Stock Solution in 60/40 (v/v) ACN/polished water to 

give a concentration of- I 5 ng M9C9 per gram of solution. 

E. 13C4-PFOA (MC8) (and other mass-labelled pertluorinated compounds) mixed Internal 
Standard Solution (designated MMX) 

1. Prepare from Cambridge Isotope Laboratories or Wellington Certified Stock Solutions in 
60/40 (v/v) ACN/PNPW to give concentrations of - 100 pg/g for each mass-labeled 
internal standard per gram of solution. Internal standards chosen to match as many 
individual PF AAs as possible, enabling individual isotopic dilution quantitation for each 
analyte. 
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F. 2.0 M NaOH Solution and 2.0M HCI Solution 
1. Prepare from concentrated stock solutions using polished NPW. 

II. SOIL SAMPLE EXTRACTION 

A. Prepared 2mm Sieved Soil Sample 
1. If necessary for handling, air dry bulk sample in hood in methanol-washed stainless-steel 

or glass container to a moisture content level which will enable the soil to be easily 
sieved- generally in the range of20% water content. 

2. Using all methanol-washed equipment, sieve using a 2mm stainless steel sieve, forcing 
soil as needed with large rubber stopper or nitrile-gloved hand. Store sieved soil in 
methanol-washed 500mL Nalgene bottle. 

3. Weigh three - 1-5 gram aliquots to preweighed weigh boats; vacuum dry over Drierite for 
18 hours and weigh again. 

4. Repeat step II.A.3 as needed until constant weight is obtained. Calculate percent 
moisture of soil. 

5. To prepare extraction sample: 
a. pass entire aliquot through 12-in diameter 2mm sieve; 
b. square and quarter in sieve pan using large spatula; 
c. remove three quarters and sieve to a second pan; return remainder to original 

container; 
d. square and quarter in sieve pan using large spatula; 
e. repeat steps c and d until size of aliquot is reduced to four grams; 
f. square and quarter fmal aliquot and charge to extraction tubes in part B. 

B. Prepare Spiked Soil Samples 
1. Charge 1 g-dry weight equivalent of soil to pre-weighed (tube and cap) MeOH- or 

MTBE-washed, 16-mL polypropylene copolymer (PPCO) centrifuge tubes with size-18 
PPCO caps. Re-weigh and record weight in data table. 

2. Add SOuL 100 ng/g M8C8 spike solution to provide a loading of - 4 ng M8C8 per gram 
of dry soil. Reweigh. 

3. Add 200uL 2.0M NaOH and allow to react for 30 min. 
4. Add PNPW to achieve a total water content of 1.2g, compensating for soil moisture and 

water added in steps B.3 and C.2. Reweigh. Let stand for at least 30 min before 
proceeding to step C.l. 

C. Extract Spiked Soil Samples 
1. Add 1.8 mL ACN to yield a 60:40 by-volume solution of ACN:H20. Reweigh. 
2. Add 200uL of2.0M HCl to neutralize NaOH added in B.3. Reweigh. 
3. Vortex until homogeneous appearance, sonicate for 60 min using ice to maintain lower 

bath temperature, transfer to Labquake rotisserie for 15-24 hours; 
4. Centrifuge in Sorvall at 5,000 rpm and 18 to 22 °C for 20 min. Reweigh to capture 

solvent losses due to evaporation. 
5. Decant liquid to 12mL preweighed (with top) glass vial. Reweigh both centrifuge tube 

and 12mL vial (with caps). 
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6. Add 3.0 mL 60:40 ACN/PNPW to centrifuge tube. Vortex, sonicate 60 min in ice, rotate 
or shake for 15-24 hours, centrifuge and reweigh. 

7. Decant liquid to 12mL glass vial, combining with previous extracts, and reweigh vial. 
8. Repeat steps C.5 and C.6 for a total of 4 extractions. 
9. Evaporate contents of 12mL vial to dryness in SPE assembly, using nylon filters and 5-7 

psi vacuum. 

D. Cleanup Extract using Ion Pairing 
1. Add 4 mL TBA Mix to dried extract from II.C.7. Vortex. Reweigh. 
2. Add 5 mL methyl-tert-butyl-ether (MTBE). Vortex. Reweigh. 
3. Freeze. Transfer MTBE to tared 12 mL glass vial. Reweigh. 
4. Evaporate to dryness in SPE apparatus. Reweigh. 
5. Reconstitute with 2mL 60/40 internal standard mix (MMX). Reweigh. 
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E. Example Multiple Extraction Results from SESD-07-0702-Sampling in Decatur, 
Alabama- Ion Pair Cleanup (IPCU) omitted to demonstrate extraction efficiency only 
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Table S I. Perfluorinated analytes, abbreviations, internal standards, mass transitions, confirmation ions, and ion ratios monitored in 
I ------ ---

Target Analytc 
Quantitation Confirmation 

IS 
ion ratiot 

transition tra nsition (mean) 

Pertluorobutanoic acid (PFBA) 212.80- 168.75 NA* 
NA 

Pcrtluoropcntanoic acid (PFPcA) 262.85 - 218.75 NA 
13CrPFHxA 

Perfluorohcxanoic acid (PFHxA) 312.70 --+268.70 312.70 --+ 118.70 16.26 

Pertluorohcptanoic acid (PFHpA) 362.65-318.70 362.65 - 168.65 4.81 

Pertluorooctanoic acid (PFOA) 4 12.60 - 368.65 412.60- 168.70 3.63 
13C8-PFOA 

Perfluorononanoic acid (PFNA) 462.60 - 418.60 462.60-218.75 3.89 

Pertluorodecanoic acid (PFDA) 512.60 --+ 468.55 512.60 - 468.55 13Cz-PFUnDA 6.31 

Perfluorobutane sulfonate (PFBS) 298.70 --+ 98.80 298.70- 79.90 0.62 
180rPFHxS 

Perfluorohexane sui fonatc (PFHxS) 398.65 --+ 98.80 398.65 - 79.90 1.15 

Pertluorooctane sulfonate (PFOS) 498.65 - 98.80 498.65- 79.90 180 2-PFOS 0.62 

I ,2-13Cr Pertluorohexanoic acid (13C2-PFHxA) 
314.75-269.75 

180 z-Sodium pertluorohexanesulfonate eMo,-PFHS) 402.65 - 83.90 

429.65 -375.75 
Internal Standards (IS) t 

I ,2,3,4,5 6,7,8-13C2-Perfluorooctanoic (13CM-PFOA) 

180rAmmonium perfluorooctanesulfonate e 80 2-PFOS) 
502.60--+ 83.90 

13C2 Perfluoroundecanoic acid (' 3C2-PFUnOA) 
564.60- 519.65 

* Mass spectrometer conditions did not produce secondary quali fication ions that can be used for compound confirmatiOn 
t Ratio of quanti tat ion ion to confirmation ion, used to help confim1 the identity of target compounds 
t Parameters not used with internal standards 

- 2 -

ion ratio 
LOQ 

(SO) (ng/L) 

NA 
10 

10 

2.05 
10 

0.23 
50 

0.26 
10 

0.27 
10 

0.50 
50 

0.04 
10 

0.10 
10 

0.03 
10 



Table S2. Summary of the UPLC/MS/MS method including target and qualifi er ions 

Reservoirs: A: 2 mM ammonium acetate in deionized water with 5% methanol, 
B: 2 mM ammonium acetate in 95% methanol 5% Dl water 

Column: BEH C18 reverse phase, 2.1 x50 mm, 1.7 11m particle size 
Flow rate : 500 JlL/min 
Column temperature: 50°C 
Injection Volume: 40 11L 
Gradient mobile phase program: 

Time A B curve 
0.00 75 25 initial 
0.50 75 25 6 
3.50 10 90 6 
3.60 0 100 6 
4.50 0 100 6 
4.60 75 25 6 
6.00 75 25 6 

The Quatro Premier mass spectrometer is operated in the multiple reaction monitoring 
(MRM) mode using negative-ion-spray ionization under the following condi tions: 

Instrument Parameters 
Capillary (k V) 
Source temperature 
Desolvation temperature 
Cone gas flow 
Desolvation gas flow 
Cone voltage 
Coll is ion energy 

- 0.40 
I50°C 
350°C 
2L/hr 
1200 L/hr 
Optimized for 
each compound 
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Table S2. (Continued) Compound specific parameters for Quatro Premier XE (MS!MS) 

Compound Quantitation Qualification Cone Collision 
MRM MRM Voltage Energy 

PFBS 298.70 > 98.80 298.70 > 79.90 40 28 (30) 
PFHxS 398.65 > 98.80 398.65 > 79.90 50 32 (38) 
PFOS 498.65 > 98.80 498.65 > 79.90 60 38 (48) 
PFBA 212.80 > 168.75 15 10 
PFPeA 262.85 > 218.75 15 9 
PFHxA 312.70 > 268.70 312.70 > 118.70 13 10 (21) 
PFHpA 362.65 > 318.70 362.65 > 168.65 14 10 (17) 
PFOA 412.60 > 368.65 412.60 > 168.70 15 11 (18) 
PFNA 462.60 > 418.60 462.60 > 218.75 15 11 ( 17) 
PFDA 512.60 > 468.55 512.60 > 218.75 16 12 (18) 

Internal 
Standards 

180 2-PFHS 402.65 > 83.90 50 38 
13C2-PFOS 502.65 > 83.90 60 48 

13C2-PFHxA 314.75 > 269.75 13 9 
13Cs-PFOA 420.65 > 375.75 15 11 

13c 2-PFUnDA 564.60 > 519.65 17 12 

Note: Collision energies for qualification ions are in parenthesis 
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Table S3 . Summary of Field Blanks, Low Level Field Spikes, and High Level Field Spikes in ng/L 

Sample Type PFOA PFNA PFOA PFHpA PFHxA PFPeA PFBA PFOS PFHxS PFBS 
Field Blanks* < 50 < 10 < 10 < 50 < 10 < 10 < 10 < 10 < 10 < 10 

Low Level 210 ( 17) 156 (45) 162 (36) 17 1 (3 1) 195(23) 2 17(33) 218(60) 172 (39) 198 (1 8) 205 (22) 
Trip Spike (SO) * 
Percent Accuracy I 05 (8.2) 78.1 (28.8) 80.9 (22.5) 85.5 ( 18.3) 97.3 11.9) I 08 (15.4) 109(27.5) 86. 1 (22.7) 98.9 (9.1) 103 ( 10.6) 

(%RSD) 

High Level 448 (56.8) 301 (59.7) 318 (51.1) 339 (58.0) 388(29.3) 393 (41.5) 382 (19.2) 364 (30.9) 386 (26.5) 387 (24.2) 
Trip Spike {SO) * 
Percent Accuracy 11 2 ( 12.7) 75.2 ( 19.9) 79.4 ( 16.1) 84.7 (17. 1) 97. 1 (7.6) 98.3 ( 10.6) 95.4 (5.0) 90.9 (8.5) 96.6 (6.9) 96.8 (6.2) 

(%RSD) 
* Mean of 5 determinations; Low Level Field Spikes prepared at 200 ng/L; High Level Field Spikes prepared at 400 ng/L 
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Table S4. Summary of Duplicate Field Samples in ng/L 

PFDA PFNA PFOA PFHpA PFHxA PFPcA PFBA 

W06PW * * * * * * * 
W06PW dup * * * * * * * 
Rei % Diff --- --- --- --- --- --- ---

WS3SW * * 18.4 * * * * 
WS3SW dup * * 14.8 * * * * 
Rei % Diff --- --- 21.3 --- --- --- ---

W24SW * * * * 22.1 56.6 62.6 

W24SW dup * * 33.7 * 18.7 72.0 77.9 

Rei% Diff --- --- --- --- 16.8 23.9 21.8 

W36SW 54.2 12.4 389 393 505 333 236 

W36SW dup * 21.8 397 407 511 369 274 

Rei % Diff --- 54.8 2.04 3.52 1.11 10.1 15.2 

W17PW * * * * * * 13.2 

Wl7PW dup * * * * * * 13.8 

Rei % Diff --- --- --- --- --- --- 4.33 

Rei % Diff = Relative percent difference between duplicate samples: 
Absolute value of[(conc 1- cone 2)/ (mean of cone 1 and cone 2) x 100%] 
*Values below LOQ. 
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PFOS PFHxS PFBS 

* * * 
* * * 

--- --- ---

51.1 * * 
56.1 * * 
9.26 --- ---

* * * 
* * * 

--- --- ---

30.3 16.7 38.2 
19.8 17.7 41.2 

42.2 5.42 7.67 

* * * 
* * * 

--- --- ---



Table S5. Standard Addition (SAt) of 400 ng/L of Each Analyte to Selected Field Samples (ng/L) 

PFDA PFNA PFOA PFHpA PFHxA PFPeA PFBA PFOS PFHxS PFBS 
W06PW-SAt 614 433 477 460 386 369 393 55 1 450 420 
W63PW-SAr 677 412 47 1 489 405 427 412 646 485 504 
W02PW-SAT 1030 30 1 339 347 392 459 444 688 420 401 
W13SW-SAt 628 403 653 731 515 480 426 595 422 450 
W34SW-SAt 805 318 559 512 451 520 558 663 396 426 

W06PW * * * * * * * * * * 
W63PW * * * * * * * * * * 
W02PW * * * * * * * * * * 
W13SW * 27.7 32 1 234 182 76.4 62.5 * * 13.4 
W34SW * 16.2 204 73.6 103 162 234 * * * 

(W06PW -SAt) - (W06PW) 614 433 477 460 385 369 393 55 1 450 420 
(W63PW-SAt)- (W63 PW) 677 412 471 489 405 427 412 646 485 504 
(W02PW-SAt)- (W02PW) 1030 301 339 347 392 459 444 688 420 40 1 
(W 13SW-SAt)- (W 13SW) 628 375 332 498 333 403 364 595 422 437 
(W34SW-SAt)- (W34SW) 805 302 355 439 348 358 324 663 396 426 

% recovery for W06PW 153 108 119 115 96.0 92.0 98.0 138 113 105 
% recovery for W63PW 169 103 118 122 101 107 103 161 121 126 
% recovery for W02PW 257 75.0 85.0 87.0 98.0 115 Ill 172 105 100 
% recovery for W 13SW 157 94.0 83.0 124 83.0 101 9 1.0 149 105 109 
% recovery for W34S W 201 76.0 89.0 11 0 87.0 90.0 8 1.0 166 99.0 107 

Ave % Recovery 188 91. 1 98.8 11 2 93.2 101 96.9 157 109 109 
SD % Recovery 43.2 15.4 18.2 15.1 7.70 10.3 11.5 13.8 8.50 9.80 

SAt = Sample received laboratory spike equivalent to 400 ng/L of each compound 
* Values below the limit of quantitation, assumed to be 0 fo r the calculation of di fference 
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Table S6A. Perfluorinated compound concentrations in well water samples in ng/L 

Sample Name I PFDA PFBS 

W06PW * * * * * * * * * * 

W14PWP * 25.7 594 619 570 333 180 14.1 20.7 25.4 

W63PW * * * * * * .. * * .. 
W07PW * .. .. .. 9.72 .. 45.8 .. * * 

W101PW * * * * * * 14.6 * * 22.9 
W58PW * * * .. .. * * * * .. 
W09SW * * * .. .. * 10.4 .. .. * 
W02PW * * * * * * * * .. * 

W54PWP * * 2070 2100 2150 1180 680 * 46.4 56.5 
W15PW .. * * * 15.8 12.2 42.6 * .. 

W62PWP * .. * * * * .. * * * 

W22PWP .. * * * .. * * * * * 

W11PW p * .. * * .. .. 34.6 12.0 12.7 26.4 
W60PW .. .. 149 77.2 150 57.2 98.1 151 56.5 33.9 
W12PW * * 6410 5220 3970 2330 1260 * 87.5 76.6 
W08PW * * * .. * .. .. * * * 

W01PWP * * * * * * 24.1 * * 10.1 
W17PW * .. * * * * 13.2 * * * 

W19PW * * * .. * * 11 .6 * .. * 

Max= * 25.7 6410.0 5220.0 3970.0 2330.0 1260.0 150.6 87.5 76.6 
Min= * 25.7 149.2 77.2 9.7 12.2 10.4 12.0 12.7 10.1 

* Values below the limit of quantitation (LOQ) 
p indicates sample from a well used for drinking water 
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Table S68. Perfluorinated compound concentrations in surface water samples in ng/L 

Sample Name PFDA I PFNA I PFOA I PFHpA I PFHxA I PFPeA I PFBA I PFOS I PFHxS I PFBS 

W51SW * * 29.5 • 12.0 * * 
W27SW * * 134 81 .5 65.9 68.4 72.7 
W10SW * * 13.6 * 20.2 20.8 52.7 
W28SW * * 94.8 127 153 91 .1 70.8 
W46SW 838 286 1100 491 205 192 188 
W42SW 125 93.3 993 777 729 434 303 
W43SW 68.0 54.4 396 216 201 180 152 
W32SW 230 70.9 750 839 961 571 439 
W53SW * * 18.3 * * * * 
W03SW * * * * * * 19.4 
W33SW * * * * * * 30.4 
W61SW * * * * * * * 
W52SW * • 2230 3180 3750 1970 1030 
W24SW * * * * 22.1 56.6 62.6 
W102SW * * * * * * * 
W64SW * * 758 1200 1730 1060 825 
W36SW 54.2 12.4 389 393 505 333 236 
W29SW * * • • * * * 

W31SW * . 30.1 • * * 44.6 
W30SW * • 24.1 • 13.7 • 40.0 
W35SW * * • • * * 14.4 
W48SW * • 26.0 * 16.4 17.2 33.0 
W13SW * 27.7 321 234 182 76.4 62.5 
W34SW * 16.2 204 73.6 103 162 234 
W26SW * • 67.9 30.0 141 305 394 
W57SW * * 32.2 * * * 10.7 
W47SW * * 1250 1360 1310 478 330 
W50SW * 40.0 1160 715 762 354 199 
W44SW • • 11000 8250 6710 3770 1750 
W45SW 129 26.4 176 61 .0 69.4 143 194 
W41 SW * * 90.5 * 50.6 90.7 102 
W49SW * • 35.7 * 42.3 28.3 29.4 
Max= 838.2 285.6 11000.0 8250.0 6710.0 3770.0 1750.0 
Min= 54.2 12.4 13.6 30.0 12.0 17.2 10.7 

* Values below the limit of quantitation (LOQ) 
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Figure S I. Spearman correlation coefficients (rho) for all target compounds 

PFDA PFNA PFOA PFHpA PFHxA PFPeA PFBA PFOS PFHxS PFBS 

PFDA 1.000 0.7143 0 .5429 0.3714 0.0857 0.0857 0.0857 0.8286 1.000 0.2000 

PFNA 1.000 
0.6727 

0.5030 0.3818 0.3697 0.0546 0.5000 0.2000 - 0.0238 • 
PFOA 1.000 

0 .9338 0.9535 0.9017 0.8407 
0.0000 0.3091 

0.6782 
••• ••• ••• • •• •• 

PFHpA 1.000 
0.9744 0.8947 0.7068 

-0.0667 0.3000 
0.8676 

••• • •• • •• • •• 
PFHxA 1.000 

0.9610 0.8851 
0.0303 0.2545 

0.8281 
••• ••• • •• 

PFPeA 1.000 
0.9528 

-0.0833 0.2364 
0.8328 

••• • •• 
PFBA 1.000 0.4396 0.2308 

0.7217 .... 
PFOS 1.000 0.6000 0.1329 

PFHxS 1.000 0.1608 

PFBS 1.000 

Significance is indicated with asterisks: p< 0.05 = *, p < 0.01 = ••. p < 0.001 = ... 
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Figure S2. Comparison of target compounds in well and surface water samples in {ng/L) 
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Figure S3. Correlation of target compound water concentration and dry metric tons ofbiosolids 
applied 
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ABSTRACT: Perfluorinated chemicals (PFCs) such as perfluorooctanoic acid 
( PFOA) and perfluorooctane sulfonate (PFOS) have been produced and used in a 
wide range of industrial and consumer products for many decades. Their 
resistance to degradation has led to their widespread distribution in the environ
ment, but little is known about how humans become exposed. Recent studies have 
demonstrated that the application of PFC contaminated biosolids can have 
important effects on local environments, ultimately leading to demonstrable 
human exposures. This manuscript describes a situation in Decatur, Alabama 
where PFC contaminated biosolids from a local municipal wastewater treatment 
facility that had received waste from local fluorochemical facilities were used as a 
soil amendment in local agricultural fields for as many as twelve years. Ten target 
PFCs were measured in surface and groundwater samples. Results show that 
surface and well water in the vicinity of these fields bad elevated PFC concentra
tions, with 2296 of the samples exceeding the U.S. Environmental Protection Agency's Provisional Health Advisory level for PFOA in 
drinking water of 400 ng/ L. Water I soil concentration ratios as high as 0.34 for perfluorohexanoic acid, 0.17 for perfluoroheptanoic 
acid, and 0.04 for PFOA verify decreasing mobility from soils with increasing chain length while indicating that relatively high 
transport from soils to surface and well water is possible. 

• INTRODUCTION 

Perfluorinated chemicals (PFCs) have been produced and 
used in a wide range of industrial and consumer applications for 
the past five decades. This class of compounds has a number of 
unusual cl1aracteristics, including water and oil repellency, ther
mal stability, and surfactant properties that make them extremely 
useful. The terminal degradants in this class are extraordinarily 
stable, and this has contributed to their widespread presence in 
environmental and biological matrices worldwide. 1 Perfluoro
carboxylic acids (PFCAs), which include perfluorooctanoic acid 
(PFOA), and perfluorosulfonates ( PFSAs), which include per
fluorooctane sulfonate (PFOS), are now found in human blood 
worldwide at concentrations in the nglmL serum range.2 Some 
of the PFCs have been found to be toxic in tests with laboratory 
animals,3 and epidemiological studies have shown correlations 
with human health effects, such as a negative association between 
PFOS and PFOA with birth weight and size,4 higher blood levels 
of PFOS and PFOA being related to current thyroid disease,5 and 
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elevated cholesterol levels among PFOA-exposed individuals.6 

The U.S. Environmental Protection Agency (EPA) issued provi
sional short-term health advisories (PHA) for PFOS and PFOA 
in drinking water and action levels for dermal exposure to soils 
and biosolids. The drinking water PHA levels are at 200 ng/ L for 
PFOS and 400 ng/ L for PFOA, estimating that short-term 
consumption of drinking water below these levels will safeguard 
public health.' No exposure limits for other PFCs have been 
developed by U.S. federal regulators to date, but chronic and 
cumulative health guidelines are under development. Despite an 
increasing amount of research in this area, the sources of the 
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Figure I. Locations of fields that received applications of biosolids from the Decatur Utilities Dry Creek Waste Water Treatment Plant 

PFCs in the environment remain poorly characterized, their 
transport and fate are still largely a matter of conjecture, and the 
relative importance of the potentia.) routes of human and 
ecological exposure remain obscure. 

Although there has been a great deal of research about persis· 
tent organic pollutants in wastewater treatment plant (WWTP) 
etlluents and biosolids, the presence ofPFCs in WWTP etlluents 
is a relatively recent concern. Research has demonstrated that 
biosolids from WWTPs with no known specific industrial 
sources of fluorochemicals typically contain PFCs at concentra
tions in the ng/ g level. For example, Sinclair et al.8 found PFOS 
ranging from < 10 to 65 ng/ g and PFOA from 18 to 241 ng/ g in 
biosolids collected from two New York State WWTPs in 2005. 
Perfluorodecanoic acid (PFDA) and perfluoroundecanoic acid 
(PFUnA) also ranged as high as 9 1 and liS ng/ g, respectively. 
In a similar study involving WWTPs from the Eastern U.S., 
Loganathan et al. found PFOS and PFOA concentrations in 
biosolids ranging from 8.2 to 990 ng/ g and 8.3 to 219 ng/ g, 
respectively, from one plant selected to be representative 
of rural conditions in Kentucky.9 It has also been observed 
that mass flows of many PFCs increase significantly during treat· 
ment, suggesting that labile precursor materials break down to 
forn1 the highly stable PFCAs and PFSAs during treat
ment processes.8•

10
'
11 It appears that the ubiquitous use of PFC 

containing materials in the residential, commercial, and industrial 
sectors along with the apparent inability of typical WWTP 
processes to effectively remove these materials leads to the 
presence of PFCs in WWTP effluents and biosolids. 

B 

The discharge of this effluent waste, either as liquid or treated 
biosolid material may therefore lead to the distribution of PFC 
material in the environment. Our knowledge of the potential 
impact of typical WWTP effluents on soils, surface water, 
groundwater, wildlife, or crops is extremely linUted. However, 
at least 1:\vo sets of studies have been conducted de
scribing the consequences of inadvertent land application of 
fluorochemical industry impacted biosolids. One series of studies 
in Germany documented contamination of agricultural fields and 
surface water reservoirs, with correspondingly elevated levels of 
PFCs found in the blood of people drinking water from this 
region.1

2.
13 Another set of studies has documented contamina

tion of surface soils in the U.S. after application offluorochemical 
industry impacted biosolids.14

'
15 The current study adds new 

information to this situation in the U.S. 
Since the 1990s, the Decatur Utilities Dry Creek WWTP in 

Decatur, Alabama (Decatur Utilities) has processed permitted 
wastewater eflluent from a number oflocal industries engaged in 
the production of PFC materials, and others that may use or emit 
PFC containing materials. Between 1995 and 2008, Decatur 
Utilities supplied over 34 000 dry metric tons of fluorochemical 
industry impacted biosolids to local farmers who used this 
material as a soil amendment on approximately 2000 ha of 
agricultural fields in Lawrence, Morgan, and Limestone counties 
in Alabama (Figure I). Over this time period, as more has been 
learned about transport, fate, and persistence of the PFCs, 
interest about the potential impact of this practice has been 
increasing. In an effort to gauge the potential environmental 
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effects of their operations and discharge to the Decatur Utilities 
WWTP, the 3M Company conducted a study that measured 
PFCs in a variety of matrices collected from 6 test cities (Multi
City study), including Decatur, AL from 1999 to 2001.16 Results 
indicated that PFOS ranged from 58 to 159 ng/g in sludge from 
four wastewater treatment plants but it was about 3000 ng/g 
from the Decatur Utilities p lant. PFOS was detected in all liquid 
effluent samples between SO and 960 ng/ L at five plants, but the 
Decatur efiluent was about 5000 ng/ L. Perfluorooctane sulfonam
ide (FOSA) was detected in sludge from four plants ( <44 nglg) 
with the Decatur Utilities plant having about 100 ng/ g. PFOA 
was also detected in sludge from four plants ( < 17 ng/ g) with 
concentrations at Decatur being as high as 244 ng/ g. 3 M also 
conducted a separate study in late 2000 to measure PFOS and 
PFOA in the Tennessee River, both up- and downstream of the 
waste outfall of their Decatur area facility at Baker's Creek.17 

Using a new LC/MS/MS method, PFOS levels were found to 
range from about 32 ng/L upstream of the plant to approximately 
114 ng/ L after the point of discharge into the river. PFOA con
centrations increased similarly, with all measurements being 
below the limit of quantitation ( <25 ng/ L) upstream, and a 
mean of 394 ng/ L downstream of their facility. 

Despite dear indications of elevated PFC concentrations in 
the Decatur area, the Multi-City study found no detectable levels 
ofPFOS (LOD = 2.5 ng/ L), FOSA, or PFOA (LOD = 7.5 ng/L) 
in the Decatur public drinking water system.16 However, follow-up 
sampling in 2005 and 2006 at five municipal drinking water systems 
which have source water intakes on the Tennessee River found 
PFOA in most finished water samples at ap~roximately 30 ng/L, 
with one sample ranging as high as ISS ng/L. 8 As awareness of this 
situation became more widespread and established sampling 
methods became more available, one company that discharged 
waste to the Decatur WWTP tested its effluent stream in 2007. 
After EPA was notified of potentially large discharges of PFCs to 
the WWTP by this company, an investigation of the PFC levels in 
biosolids and biosolids land application areas began. Initially, EPA 
developed methods for the measurement of many different PFCs in 
soil and biosolids, and preliminary results of soil samples collected 
from this area in 2007 indicated that a range of different PFCs were 
present, with total PFC concentrations > 1000 ng/ g.19 These data, 
coupled with the previous results from other studies in this area, 
suggested the possibility that surface and well water in the Decatur 
area could be contaminated with PFCs as a result of land applica
tion of contaminated biosolids. 

For this investigation, surface and well water samples were col
lected from areas associated with historical land application of 
fluorochernical industry impacted biosolids from the Decatur 
Utilities WWTP to determine if and to what extent local water 
supplies had been affected. The primary objective was to 
determine if water supplies exceeded the recently issued PHA 
guidelines for drinking water for PFOS (200 ng/L) and PFOA 
( 400 ng/ L). Additional goals included characterizing the con
centrations of other related PFSAs and PFCAs, providing data 
for the evaluation of the relationships between biosolids treated 
soils and water concentrations, and describing a rigorous quality 
assured protocol that can be used for sampling, long distance 
transport, and analysis of water samples. 

• MATERIALS AND METHODS 

Target compounds were purchased in premixed ampules 
prepared by Well ington Laboratories, (Guelph, Ontario, Canada, 

c 

iii;ii@!W 

PFCA MXA standard) containing the following compounds: per
fluorobutanoic acid (PFBA), perfluoropentanoic acid (PFPeA), 
perfluorohexanoic acid (PFHxA), perfluoroheptanoic acid 
(PFHpA), perfluorooctanoic acid (PFOA), perfluorononanoic 
acid (PFNA), perfluorodecanoic acid (PFDA), perfluorobutane 
sulfonate (PFBS), perfluorohexane sulfonate, (PFHxS), and 
perfluorooctane sulfonate (PFOS). For internal standards (IS), 
the following comlounds were purchased from Wellington 
Laboratories: 1,2-1 Cr labeled perfluorohexanoic acid ( 13C2-

PFHxA), 1,2-13Crlabeled perfluoroundecanoic acid C3C2-

PFUnDA), and 180 2-sodium perfluorohexanesulfonate C80 2-

PFHxS). 1,2,3,4,5,6,7,8-13C8-labeled PFOA ( 13C8 - PFOA) solu
tion was purchased from Cambridge Isotope Laboratories, 
(Andover, MA), and 180 2-ammonium perfluorooctane sulfo
nate C80 2- PFOS) was purchased from Research Triangle 
Institute (Research Triangle Park, NC). Analyte/ IS pairs are 
listed in Table S I of the Supporting Information (SI). Glacial 
acetic acid, sodium acetate, ammonium hydroxide (NH40H, 
28% in water), and ammonium acetate were purchased from 
Sigma-Aldrich (St. Louis, MO). Methanol and methyl tertiary 
butyl ether (MTBE) were purchased from Honeywell Burdick & 
Jackson (Muskegon, MI). Five-mL ampules of 35% nitric acid 
were purchased from EP Scientific Products (Miami, OK). 

Sample Collectio n. EPA Region 4 personnel collected 51 
different water samples, including private drinking water wells 
(n = 6), wells used for other purposes ( livestock, watering 
gardens, washing, n = 13) (PW = private well), and surface water 
(ponds and streams, r1 = 32) (SW = surface water). These 
samples were collected from 21 separate farms that had received 
application of fluorochemical industry impacted biosolids 
(Figure 1). In most cases the water sources were either on or 
within 500 m of a biosolid applied field. All known water supply 
wells in the area were sampled along with surface water bodies 
(ponds, lakes, springs) in or near fields with the highest recorded 
rates of biosolid application. Farms ranged in size from 9 to 
308 ha, with a total area of more than 2000 ha receiving WWTP 
biosolids for as long as 12 years. Although field-specific applica
tion rate information was available, chemical analysis ofbiosolids 
was not conducted during the period of application, making it 
difficult to focus on the locations that were most likely to be 
contaminated. 

Sample collection materials were shipped to the field team in 
5 large containers in February 2009. Each container consisted of 
one field blank containing laboratory-grade deionized (DI) water, 
two field spikes (one with each target analyte at 200 ng/L and 
another with each target analyte at 400 ng/L), and 12 precleaned 
( triple rinsed with methanol and dried) 1-L high-density poly
ethylene (HDPE) sampling bottles (Nalgene Labware, Rochester, 
NY). The sampling procedure involved rinsing the collection bottle 
with three volumes of water followed by filling on the fourth 
iteration and adding 5 mL of35% nitric acid as a preservation agent. 
Samples were shipped at ambient temperature to the laboratory 
where they were stored at room temperature for less than three 
weeks prior to analysis. 

Sample Analysis. A method previously developed for trace 
level analysis20 was modified to measure rnidlevel concentrations 
( I 0- I 000 ng/L) of the target analytes to allow for more accurate 
comparison with the PHA levels for PFOA and PFOS ( 400 and 
200 ng/ L, respectively). Briefly, exact sample volumes were 
determined by pouring the sample into a 1-L polypropylene 
graduated cylinder, after which the original sample container was 
thoroughly rinsed with 10 mL of methanol. The sample was then 
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returned to the original sample container with the methanol 
rinsate, and 50 ,uL of an internal standard (IS) solution contain
ing 500 ng of each IS was added and thoroughly mixed. The 
sample was then passed through a glass fiber filter cup ( 1.6 ,urn; 
Whatman, Florham Park, NJ) and again returned to the original 
container. 

Solid phase extraction (SPE) was conducted using a dual 
piston syringe pump (SepPak Concentrator, Waters Corpora
tion, SPC10-C) operating at a flow of 10 mL/ min. Waters Oasis 
WAX SPE Plus cartridges (225 mg) were first conditioned by 
passing 10 mL of methanol and 10 mL of DI water through the 
cartridge. A 500-mL aliquot of each sample was then loaded onto 
the SPE cartridge. The cartridges were then transferred to a 
vacuum manifold and washed with IO mL of 25 mM sodium 
acetate buffer (pH 4) followed by 10 mL of methanol at a rate of 
one drop per second. Cartridges were then purged with a gentle 
stream of nitrogen gas long enough remove all indications of 
moisture. The cartridges were then returned to the vacuum 
manifold in the reverse direction from sample loading (this 
elution will therefore "back-flush" the sample) and eluted with 
6 mL of ammonium hydroxide (NH40H, 28% in water)/ 
methanoi/MTBE solution ( v:v:v, 1 :2:27) at a flow rate of 
approximately 1 drip/second. The eluate was then mixed with 
2 mL of methanol and concentrated to approximately 3 mL (at 
35 °C) using a Turbo Vap LV (Caliper Life Sciences, Hopkinton, 
MA). A 100-,uL aliquot of the concentrated eluate was mixed 
with 100 ,uL of 2 mM ammonium acetate buffer (pH 6.5) to 
approximate the initial mobile phase conditions. 

Instrumental Analysis. Samples were analyzed using a Waters 
Acquity ultraperformance liquid chromatography system 
coupled with a Waters Quatro Premier XE triple quadrupole 
mass spectrometer (UPLC-MS/MS; Waters Corporation). A 
20-,uL aliquot of each sample was injected onto an Acquity 
UPLC BEH C18 column (1.7 ,urn, 2.1 x 50 mm; Waters 
Corporation) that was maintained at 50 °C. The mobile phase 
consisted of solvent A: 2 mM ammonium acetate buffer with 5% 
methanol and solvent B: 2 mM ammonium acetate in 95% 
methanol and 5% DI water at a flow rate of 500 ,uL/min, starting 
with 60% solvent A for 30 s and then increasing to 90% solvent B 
at 3.5 min and 100% solvent Bat 3.6 min and held for 0.9 min. At 
4.6 min the gradient was returned to the original conditions and 
held until 6.0 min. Electrospray negative ionization was used in 
the mass spectrometer source. The capillary voltage was set at 
negative 0.4 kV. Cone gas and desolvation gas flows were 2 and 
1200 L/ h, respectively. The source temperature was 150 °C and 
the desolvation temperature was 350 °C. Transitions for all ions 
were observed using multiple reaction monitoring (MRM) and 
analyte-specific mass spectrometer parameters were optimized 
for each compound. One primary transition was used for 
quantitation and the ratio of the primary transition ion to a 
secondary ion was used for confirmation (Tables S1 and S2 
contain the details of the instrumental analysis). Quantitation 
was performed using an 8-point calibration curve between 10 and 
1000 ng/ L and stable-isotope internal standards using the 
response of the analyte (peak area counts) divided by the 
response of the internal standard to calculate unknown concen
trations. The limit of quantitation (LOQ) for the method, 
defined as the lowest point on the standard curve which back
predicted within ± 30% of the theoretical value, was determined 
to be IO ng/ L for all compounds except PFHpA and PFDA, 
which were 50 ng/ L. If samples were found to exceed 1000 ng/ L, 
the second aliquot of sample was diluted to approximate the 

0 
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midpoint of the calibration curve using DI water with nitric acid 
and the IS mixture at the same concentration as the initial sample. 
Subsequent determination of analyte concentrations included a 
correction for the dilution factors used for each adjusted sample. 

Quality Control (QC). Field blanks were prepared by filling 
precleaned 1-L collection bottles with laboratory DI water, 
previously determined to be PFC-free. Travel spikes containing 
all target anlaytes were prepared at low (200 ng/L) and high 
( 400 ng/ L) concentrations in 1 L ofDI water. These QC samples 
were preserved with the addition of 5 mL of 35% nitric acid and 
shipped into the field with the empty containers designated for 
collection of field samples. Low and high level field spikes and 
field blanks were included at a rate of 10% of all planned samples. 
Field duplicates were also collected at a rate of 10% of all planned 
samples. 

Laboratory QC procedures included the following: Solvent 
blanks, consisting of 1:1 unprocessed methanol and 2 mM 
ammonium acetate, were used to ensure that the mobile phase 
materials and analytical instrumentation remained free of con
tamination during analysis. Matrix blank samples, prepared from 
1 L of deionized laboratory grade water with 5 mL of 35% nitric 
acid and the IS mixture, were used to ensure that sample 
processing materials and procedures were free of contamination. 
After the successful analysis of the first 500-mL portion of 
selected samples, fortified samples were prepared by spiking 
the remaining portion with a native standard solution containing 
all of the target analytes such that the fortified sample received an 
additional 400 ng/ L of each target analyte. Fortified samples 
provide assurance that retention times, quantitiation and quali
fication ions, and calibration procedures were consistent between 
unknown and fortified samples. Additionally, to provide assur
ance that target analytes were correctly identified, quantitiation 
and qualification ions were monitored and compared with the 
quantitiation and qualification ion ratios observed in the stan
dards used to construct the standard curves. If the quantitiation/ 
qualification ion ratio of the field samples differed by more than 2 
standard deviations from the standard curve points, the sample 
was flagged and examined for potential errors associated with 
inappropriate peak integration, retention time, or ion suppres
sion/ enhancement. 

Statistical Analysis. Summary statistics were calculated using 
Microsoft Office Excel (version 2003, Microsoft Corporation, 
Redmond, WA) and correlation analysis was done with R-2.9.0 
software (Vienna, Austria). 

• RESULTS 

Quality Control Samples. All of the target compounds 
measured in the field blanks were determined to be less than 
the LOQfor each sample (Table 53). The mean accuracy of the 
low (200 ng/ L) and high level ( 400 ng/L) field spikes was in all 
cases within ±25% of the theoretical spiked concentration 
(Table 53). Of the five duplicate samples that were collected, 
three had analyte concentrations that were near or below the 
LOQ \vith good agreement between duplicates (Table S4). 
Samples W36SW and W36SW Dup, for which most of the target 
analytes were above the LOQ. had relative percent difference 
values in most cases of <20%. Duplicate values for PFOS in these 
samples had a relative difference of 42%, but the concentrations 
were at the lowest portion of the calibration curve. Of the 
570 separate analyses conducted for the field samples, 14 
(2.5%) were flagged because of quantitation/ qualification ion 
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ratio inconsistencies. This occurred at relatively low concentra
tions (mean = 28 ng/L) and in each case integrations were 
reviewed and manually adjusted, if necessary, before final quan
titation was accepted. To help evaluate the response of the 
analytical assay at the midrange of the calibration curves, an 
additional 400 ng/ L of each analyte was added to five selected 
field samples. As summarized in Table S5, the average% recovery 
of standard addition at this level was within ±12% of the 
theoretical value for all compounds except PFDA and PFOS, 
which showed 188% and 15 7% recovery, respectively. Sample 
storage could have been related to this issue as this evaluation was 
performed some time after all unknown samples had been run. 
The internal standards for PFDA and PFOS had approximately 
50% of the response recorded in the original analysis, which 
could cause apparently elevated recoveries for these target 
compounds in this part of the evaluation. However, the good 
performance of PFDA and PFOS in the field blanks and spikes 
(Table S3) and the precision of duplicate samples (Table S4) 
help to provide an indication of overall method performance. 

Field Samples. Table S6 summarizes the data from the well 
(Table S6A) and surface water (Table S6B) samples collected in 
this effort. Of the 51 unique field samples collected, PFOA was 
detected in 29 (57%) of the samples at concentrations ranging 
from < LOQ to a high of 11 000 ng/ L, with 11 samples out of 51 
(22%) above the PHA level of 400 ng/ L. Two additional samples 
(389 and 397 ng/L) were not appreciably different from the 
PHA. PFOA occurred in two drinking water samples: W54PW at 
2070 ng/L and WP 14PW at 594 ng/L. PFOS was measured in 15 
samples (29%) at concentrations ranging from< LOQto a high 
of 151 ng/L, but all concentrations were below the 200 ng/L 
PHA level. PFOS was measured in two drinking water samples: 
WI! PW at 12.0 ng/L and Wl4PW at 14.1 ng/ L. 

Of the 51 samples,42 (82%) had at least one target compound 
at concentrations above the LOQ Five of the target compounds 
were measured in more than half of the samples, with PFBA in 39 
samples (77%), PFHxA and PFOA in 29 (57%), PFBS in 27 
(53%), and PFPeA in 26 (51%). PFNA was detected in 10 (20%) 
samples with the highest concentration being 286 ng/L and 
PFDA was detected in 6 ( 12%) samples with a high value of 838 
ng/L. Neither compound was observed in drinking water 
samples. 

• DISCUSSION 

Results of field blanks, field spikes (Table S3 ), field duplicates 
(Table S4 ), standard curve back-prediction, and standard addi
tion indicate that the methods used in this assessment generally 
provide data of acceptable precision and accuracy. Spearman 
correlation analysis among target compounds (Figure S1) sug
gests two groups of related compounds in these samples. PFOA, 
PFHpA, PFHxA, PFPeA, PFBA, and PFBS were generally well 
correlated, suggesting similar mobility from the biosolids and/ or 
a common specific industrial source. PFOS was not significantly 
related to any of the other target compounds, suggesting at least 
one distinct source of this material as well. Review of National 
Pollutant Discharge Elimination System data indicates a variety 
of sources discharging to the Decatur WWTP, including facilities 
engaged in production and use of fluoropolymers, fluorocarbon 
fibers, polymers, polymer films and resins. Unfortunately, there 
are only very limited data on the PFC concentrations in any of 
these effluent streams, making it very difficult to characterize 
specific sources. 

E 

*Mi!i'* 
Data detailing how the concentrations of the various PFCs in 

the biosolids changed over the 12-year application period do not 
exist. Moreover, given the large size of some of these fields, it is 
impossible to pinpoint which specific locations actually received 
applications. However, to help gain some understanding of the 
water measurements made in this study, it is useful to examine 
the distributions of the target compounds among surface and 
well water samples (Figure S2). While there were no statistically 
significant differences noted between surface and well water, the 
longer-chain compounds were rare in the well water samples, 
with only one sample having measurable levels of PFNA and no 
samples having measurable PFDA. In contrast, Figure S2 also 
indicates that well water tended to have higher and more variable 
concentrations of the shorter-chain compounds (.:s C8) in 
comparison to surface water samples, suggesting greater mobility 
of the low molecular weight materials. This is consistent with the 
data presented in Figure S3 which show the correlations between 
dry metric tons of biosolids applied per hectare and PFC 
concentrations in water samples from adjacent ponds, streams, 
or wells. Only concentrations of the shorter-chain compounds 
were significantly related to biosolids application rates, with 
PFOA (r = 0.49, p < 0.010), PFHxA (r = 0.46, p < 0.05), PFPA 
(r = 0.30, p < 0.05), and PFBA (r = 0.57, p < 0.001). 

ln a study of soils from a subset of these Decatur fields, 
Washington et al. found PFOS from 30 to 410 ng/g and PFOA 
from 50 to 320 ng/ g, but the highest level contaminants were 
PFDA and perfluorododecanoic acid (PFDoA), which ranged 
from 130 to 990 ng/g and from 30 to 530 ng/g, respectively.14 

Moreover, the 10:2 and 12:2 fluorotelomer alcohols (FTOHs) 
were found at concentrations from <5.6 to 166 and 2 to 133 ng/ g, 
respectively.15 These FTOHs are known to break down or be 
metabolized to corresponding carboxylic acids. Washington et al. 
also found that PFCAs in these fields were sigrtificantly related to 
total mass of biosolids applied, with longer-chain PFCAs more 
highly correlated with total mass applied, whereas shorter-chain 
PFCAs were more highly correlated with the time since last 
application of biosolids. Both observations suggest long-chain 
materials persist in the soil longer and that shorter-chain 
materials may be more mobile. 

To more fully evaluate the issue of mobility from soil to 
ground and surface water, we examined the relationships be
tween the six fields reported in Washington et al. 14 and 16 
corresponding water measurements from the current study. A 
simple regression of individual PFC water concentrations with 
average reported soil levels failed to show any sigrtificant relation
ships (data not shown), indicating that the mere presence of a 
water source in the vicinity of a biosolid applied field did not lead 
to predictable contamination. This is not surprising, as a variety 
of factors will influence whether contamination from soil is 
transported to water. For example, consider two separate ponds 
at differing elevations that are the same distance from a biosolid 
applied field. A pond at a lower elevation would be much more 
Likely to receive overland flow from a contaminated field than a 
pond at a higher elevation. In a similar manner, because of the 
complex karst geology in the Decatur region, transport of 
surface-applied materials to groundwater is also likely to be 
specific to each different situation. To overcome difficulties 
associated with interpreting the aggregated data set, we examined 
specific situations where water/ soil relationships could be more 
definitely established. In Figure 2, selected water/soil concentra
tion ratios from fields where both were measured at higher levels 
are plotted against the carbon chain length of the PFCAs. It is 
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Figure 2. PFCA [ water]/[soil] ratios by carbon chain length for 
selected Decatur fields (concentration in water [water] in ng/mL, 
concentration in soil (soil] in ng/ g). (ll) Field 1-4, soil 090', surface 
water sample W44SW ([water ]/(soil] = ( - 0. 1478 X chain length) + 
1.219; ?- = 0.9865; p = 0.0741). (0) Field 15-3, soil 09£', surface water 
sample W50SW ([water ]/[soil] = ( - 0.02696 X chain length) + 
0.2332; ?- = 0.8851; p = 0.0592) (<>) Field 17- la, soil 09F', surface 
watersam~le W64SW ([water]/(soil] = ( - 0.004728 X chain length) + 
0.03683; r = 0.7900; p = 0.3031). (D) Field 14-1-10, soils 09B', 09C', 
weUwatersample W12PW ((water]/[soil] = { - 0.1510 x chain length) + 
1.246; ?- = 0.9984; p = 0.0258). ( +) Field 04-07, soil 07A", surface water 
sample W36SW {[water ]/(soil] = ( - 0.000954 X chain length) + 
0.00876; ?- = 0.8841; p = 0.0052) ( ' )Soil concentrations are mean levels 
from Washington et al., Tables Sl 9 and 1014

• 

interesting to note that in the two fields with the highest overall 
[water]/[soil] ratios (Fields 1-4 and 14- 1-10), PFHxA was 
measured in a pond (W44SW) and a well water sample 
{W 12PW) at approximately 0.34 of the soil concentration of 
the nearby field. In both cases progressively longer chain 
materials give lower [ water]/[soil] ratios, with PFHpA giving 
0.16 - 0.18, and PFOA giving 0.04- 0.05. These relationships 
were modeled with the linear regression equations listed in 
Figure 2 making it possible to quantitatively predict how carbon 
chain length influences this ratio. For example, the 9-carbon 
carboxylate, PFNA, was measured in the soils of both of these 
fields with average concentrations above 80 ng/g soil, but the 
regression predicts that PFNA would have no mobility to water. 
T his is consistent with the detection of no PFNA in either of the 
corresponding water samples. Also, while the Washington et al. 
study did not include soil measurements ofPFPeA and PFBA in 
field 14-1-l 0, these compounds were measured at 2330 and 1260 
ng/L, respectively, in the well water sample from the present 
study. Using these concentrations as input, the [water]/[soil] 
ratio generated from the regression equation for this field leads to 
a prediction of 4.75 ng/ g ofPFPeA and 1.96 ng/g ofPFBA in the 
soil from this field. Also, if these equations represent reasonable 
upper bound predictions of the relationship between 
[water ]/[soil] and carbon chain length, they may be useful for 
predicting expected water contamination from studies that only 
included soil measurements. For example, data from the regres
sions in the present study give a maximum [water]/[soil] ratio 
for PFOA of 0.038, suggesting that a soil concentration of 11 ng/g 
could lead to waterborne PFOA at 418 ng!L, above the current 
health advisory for PFOA in drinking water (i.e., 11 ng/g soil x 
0.038 = 0.418 ng/ mL water= 418 ng/L). 

Although the slopes of these relationships in Figure 2 are 
different for each water source/ field combination, these data 
dearly indicate that the potential for migration from soil to water 
is a function of chain length. Moreover, while PFOS was 
routinely measured in the soil samples at concentrations above 

F 
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100 ng/ g, paired \vater/ soil measurements only occurred three 
times leading to water/ soil ratios from 0.00003 to 0.01136, 
suggesting limited mobility of PFOS from these soils. 

The higher mobility of the shorter-chain materials is consis
tent \vith a previous study which found that the sediment/ water 
partition coefficient for the PFCs increase with chain length.2 1 It 
is interesting to note that as the industry shifts from C8 and 
longer compounds to reduce problems associated \vith biocon
centration and toxicity, it is becoming increasingly clear that the 
shorter-length compounds are more mobile and more likely to 
cause \'later contamination issues. 

The dear documentation that this study provides, indicating 
the extent to which land application of fluorochemical industry 
impacted biosolids can lead to contamination of ground and 
surface water resources, has a range of important implications. 
First, it is evident that direct consumption of the contaminated 
water could directly lead to human exposures.12

'
13 ln this specilic 

case, the individuals using private wells that were contaminated at 
levels above the PHA were immediately informed and given 
access to a municipal water system. However, the mobility of 
PFCs from soil documented in this study raises questions about 
the potential impacts of more typical WWTP biosolids. Fujii et al. 
show that there is essentially a one-to-one correspondence 
between concentrations in surface water and finished drinking 
water supplies in a \vide range of locations worldwide, providing 
evidence that standard treatment options do not effectively 
remove PFCs from drinking \vater? 2 Given that biosolids from 
conventional WWTP appear to routinely contain PFCs,8-

11 the 
data from this study suggest that source and finished water 
supplies in areas potentially impacted by land application of more 
typical WWTP biosolids should be evaluated to determine the 
possibility of PFC contamination. 

Although PFCs are obviously present in the water resources of 
the Decatur region, it is not clear to what extent these contaminants 
are available for transfer to local crops, livestock, and ,viJdlife. 
Analysis of plants collected from these same Decatur fields has 
shown grass/soil accumulation factors of 0.25 for PFOA, 0.75 for 
PFHpA, and 3.8 for PFHxA 23 Moreover, in a small preliminary 
investigation in May of 2009, the U.S. Food and Drug Adminis
tration found PFOS at 170 ng/L in a bulk milk tank sample from 
the Decatur biosolids application area.24 This concentration is very 
close to the PHA level for PFOS in drinking water (200 ng/L) and 
it suggests that contamination may be transferred to livestock. 
Additionally, data from studies of fresh,vater fish conducted else
where clearly indicate that lakes and rivers contaminated at the 
same levels documented in the current study contain fish with levels 
of PFOS high enough to warrant issuance of fish consumption 
advisories.25 It is therefore reasonable to hypothesize that PFCs 
from biosolids in Decatur may be taken up by local livestock and 
wildlife and that this may give rise to a number of different exposure 
pathways that are relevant for humans. 

Data from this study show that land application of fluoro
chemical industry impacted biosolids can lead to water resource 
contamination above the drinking water PHA for PFOA 
(400 ng/L) recently issued by the EPA. Other PFCs, for which 
PHAs have not been issued, were also found in local water 
resources at levels from the lOOs to 1000s of ng/L. ln a more 
general context, the fact that PFC contamination of biosolids 
appears to be common, and that soil PFC levels can directly 
influence contamination of surrounding water resources indi
cates that a more complete evaluation of the potential impact 
of all types of biosolids would be helpful. Land application of 
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biosolids is the dominant method of disposal in many parts of the 
world, with approximately 50% of U.S. biosolids being disposed 
of in this manner. 26 lt is reasonable to hypothesize that land 
application ofbiosolids is an important factor in the distribution 
of PFCs in the environment and this may in turn influence 
human exposure. 
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Sampling Investigation Trip Report 
Private Well and Pond Per-fluorinated Compounds Study 

Land Application Sites Ncar Decatur, Alabama 

INTRODUCTION 

From February 17- 19,2009, United States Environmental Protection Agency (USEPA), 
Region 4, Science and Ecosystem Support Divis ion (SESD) personnel conducted a sampling 
investigation near Decatur, Alabama. USEPA SESD and Water Protection Div ision (WPD) 
representati ves, along with Alabama Department of Environmental Management (ADEM) 
personnel, conducted sampling at private well and pond locations near Decatur, AL where 
biosolids had been land applied. The sampling investigation was requested by the USEP !\ 
Region 4 Water Protection Division. 

Personnel that participated in the investigation included: 

PERSONNEL AFFILIAT ION PHONE 
Mike Neill USEPA, SESD, Project Leader 706-355-86 14 
Art Masters USEPA, SESD, Sample Team I Leader 706-355-86 12 
Marty Allen USEPA, SESD, Sample Team 2 Leader 706-355-865 1 
Kevin Simmons USEPA, SESD, Sample Team 3 Leader 706-355-8730 

Sharon Matthews USEPA, SESD, Sample Team I 706-355-8608 

Mike Hom US EPA, SESD, Sample Team I 404-562-9748 

Scan Ireland USEPA, SESD, Sample Team 2 404-562-9776 

Rebecca Fauver USEPA, SESD, Sample Team 3 404-562-9758 

Ed Pooles ADEM- Decatur 256-353- 17 13 
Josh Stewart ADEM - Decatur, Sample Team 256-353- 1713 
Woodfin Nichols ADEM - Decatur, Sample Team 256-353- 17 13 
Scott Gravette ADEM - Decatur, Sample Team 256-353- 17 13 

BACKGROUND 

Bioso lids from Decatur Utilities (DU) have been applied to 5000 acres of agricultural 
land in Decatur, AL for the last 12 years. Recent limited sampling results revealed significantly 
elevated levels of pcrfluorinated compounds (PFCs) in both biosolids and soil samples where the 
biosolids were appl ied. The Decatur Uti lities wastewater treatment facility has received 
wastewaters for many years from numerous industrial sources, including facilities in which the 
wastewaters might include perfluorooctyl sulfonate (PFOS), pertluorooctanoic acid (PFOA), and 
other PFCs. The public water supply systems in the area were tested and concentrations were 
below EPA's recently released provisional health advisories. 
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Jn January 2009, the USEPA Office of Water (OW) issued drinking water Provisional 
Health Advisories for PFOA (0.4 ~tg/L) and for PFOS (0.2 ~tg/L). 

Additional sampl ing was needed to determine if PFCs have migrated over or through the 
soils to ground water and/or surface water and contaminated private drinking water supplies. 
S ixty one (61) locations were identified as potential sampling locations. The proposed locations 
were selected from reconnaissance conducted by USEPA and U.S. Department of Agriculture 
(USDA) representatives in late January 2009. Dtinking water wells and other water supply wells 
used for watering gardens, supplying water to cattle, washing cars, etc. were located and selected 
as proposed sample locations. A number of ponds on fields that received the biosolids were also 
included in the proposed sample locations. 

The private wells selected as proposed sample locations were on properties that received 
hiosolids from the Decatur Utilities or were on properties that were nearby fields that received 
the biosolids. Ponds were selected based on a review of aerial photographic images of high 
priority ticlds. T hese included tiel cis with the highest levels of biosolids application where cattle 
were present. 

DISCUSSION OF FIELD ACTIVITIES 

The sampling investigation was a coordinated effort with the USEP A, National Exposure 
Research Laboratory (NERL) personnel providing the sample containers and preservative, WPD 
personnel contacting and scheduling the sampling with the property owners, ADEM personnel 
directing sample teams to proposed sample locations, and SESD collecting the samples. 

A total of 51 samples were collected during the investigation. Nineteen ( 19) private well 
samples were collected and 32 surface water/pond samples were collected. Several of the 
proposed sample locations were wells that were not being used. If the proposed well had an 
operab le pump and water could be drawn from it, the well was sampled. However, several of the 
unused wells were capped or had no pump; therefore the well was not sampled. All private wells 
used for human consumption that were identitied during the reconnaissance and the sampling 
investigation were sampled. 

Table I provides data tor the private well sample collection acttvtttes and Table 2 
provides data tor the surface water/pond sample collection activities. Figure 1 shows the private 
well sample locations and Figures 2 and 3 show the surface water/pond sample locations, 
respectively. Append ix A contains the proposed sample locations from SESD's Quality 
Assurance Project Plan. Appendix 8 contains photographs of locations where samples were 
collected during the study. Appendix C contains photographs of wells that were proposed to be 
sampled, but were not accessible (ie. capped, no pump, etc.) and therefore not sampled. 

Samples WI 0 1-PW and WI 02-SW were co llected ti·om a control field that did not 
receive any biosol ids. Sample WI 01-PW was a well sample and WI 02-S W was a pond sample. 
Duplicate samples were collected at locations W06-PW, W 17-PW, W24-SW, W36-SW and 
W53-SW. 
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METIIODOLOGY 

rield sampling procedures were performed by SESD's Enforcement and Investigations 

Branch personnel. Where applicable, fi eld activities were conducted in accordance with SESD's 

Management and Quality Systems Procedures and the following field measurement and 

sampling procedures: 

SESD Operating Procedure f'or Sample and Evidence Management, SESDPROC-005-R I 

SESD Operating Procedure for Pielcl pH Measurement , SESDPROC- 1 OO-R2 

SESD Operating Procedure lor Field Speci fie Conductance Measurement, SESDPROC-1 0 I-R2 

SESD Operating Procedure for Picld Temperature Measurement, SESDPROC-1 02-R2 

SESD Operating Procedure for r ield Turbidity Measurement, SESDPROC-1 OJ-R2 

SESD Operating Procedure lor Global Positioning System, SESDPROC- 11 O-R2 

SESD Operating Procedure for Potable Water Supply Sampling, SESDPROC-305-R I 

The USEPA, ORO, NERL Sw:f(tce /Vater Collection Procedures .for PeJ.fluorinated 

Compounds (PFC\), Draf1 fiJ, June 9, 2008, was used to collect samples of sur1:1cc water. All 

samples were preserved wi th nitric acid supplied by USEPA NERL. 

Chain of Custody documentat ion was prepared by Kevin Simmons. On February 19, 

2009, the samples were shipped to USEPJ\ , NERL in Research Triangle Park, North Carolina. 

Appendix D contains the Region copy o f' the Chain of Custody. 

Table I - Private Well Sample Data 

Latitude Longitude Temperature Conductivity pH Turb idity 

Station Media Degrees Degrees (oC) (JJS/cm) (SUs) (NTUs) 

W01 PW -DW 34.74244969 -86.95652509 16.6 247 6.36 0.1 4 

W02 PW 34.45958409 -87.26726521 16.1 428 7.5 89.1 

W06 PW 34.53623484 -87.12602310 12.4 41 1 7.24 1.51 

W07 PW 34.7 4356012 -86.95549428 16.8 330 6.78 195 

wo8 PW 34.49277895 -87.14008726 17.1 507 7.05 0.22 

W09 PW 34.4579557 4 -86.97439279 16.2 376 7.17 5.18 

W11 PW-DW 34.65844349 -87.18539681 16.6 261 7.2 55 

W12 PW 34.48779448 -87.25049009 18.5 494 7.26 0.88 

W14 PW-DW 34.4 7634463 -87.22619095 18.5 349 7.16 0.23 

W15 PW 34.63110248 -87.1 9233762 16 424 7.63 0.51 

W17 PW 34.37284397 -87.11960348 15 265.3 7.28 8.29 

W19 PW 34.36088392 -87.11586105 14 480 7.2 19.1 

W22 PW-DW 34.45806680 -87.28404469 17.2 403 7.29 0.47 

W54 PW-DW 34.48904 77 4 -87.25050903 16.6 606 7.09 1.1 1 

W58 PW 34.42388238 -86.71762937 13 623 7.15 0.86 

W60 PW 34.66129485 -87.16297313 15.3 403 7.56 3.55 

W62 PW-DW 34.44133845 -87.26684988 19.5 347 7.34 1.81 

W63 PW 34.51 390855 -87.31334874 15.4 1202 9.2 0.22 

W101 PW 34.43070970 -87.17019866 17.3 456 7.31 101 
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Table 2- Surface Water I Pond Sample Data 

Latitude Longitude Temperature Conductivity pH Turbidity 
Station Media Degrees Degrees (oC) (IJS/cm} (SUs) (NTUs) 

W03 sw 34.73520747 -86.95505273 11.1 103 7.37 2.85 

W10 sw 34.48855807 -87.13324788 15 87.9 7.2 8.66 

W13 sw 34.48142834 -87.25711824 14.3 207.3 7.39 5.71 

W24 sw 34.51205640 -87.30728611 7.2 202 7.53 27.6 

W26 sw 34.49367145 -87.21470908 13.9 143 7.66 23.9 

W27 sw 34.36893373 -87.11782157 9.2 154.9 7.58 137 

W28 sw 34.48740682 -87.13308686 14.6 83.9 7.41 116 

W29 sw 34.57167847 -87.05943952 9.3 66.3 7.34 23.7 

W30 sw 34.57480920 -87.05916485 9.6 49.7 7.59 354 

W31 sw 34.57121688 -87.06173658 8.9 98.3 7.35 27.5 

W32 sw 34.54115116 -87.14014401 12.5 409 7.05 10.5 

W33 sw 34.49705305 -87.15210909 14.1 135.1 7.7 13.2 

W34 sw 34.48773195 -87.14370514 11.1 118 7.51 152 

W35 sw 34.49265976 -87.13940162 12.2 142.1 7.48 12.4 

W36 sw 34.48826965 -87.13712610 12.8 129.6 7.48 23 

W41 sw 34.46686721 -87.22696552 15 101.6 7.59 64 

W42 sw 34.46684961 -87.22624099 15.4 164.9 7.37 28.7 

W43 sw 34.46797371 -87.22960616 15.7 102.5 7.62 45.6 

W44 sw 34.47696095 -87.23021904 17.9 259.9 7.61 17.3 
W45 SW 34.48073474 -87.22511245 15.3 56.9 7.75 342 

W46 sw 34.4 7992915 -87.22297431 14.3 41.4 7.84 154 
W47 sw 34.47545825 -87.22348527 16.1 100.3 7.57 31 

W48 sw 34.48783932 -87.25308194 13.2 118.5 7.55 6.31 
W49 sw 34.36434036 -87.11225750 12.1 208.2 7.77 5.97 

W50 sw 34.36272542 -87.11311740 11.8 156.8 10.41 5.35 
W51 sw 34.36153360 -87.11398660 11.4 79.1 8.34 33.5 
W52 sw 34.49089771 -87.22018196 17 66.5 7.81 26.7 
W53 sw 34.42616670 -86.71923626 9.6 159.7 7.6 10.8 
W57 sw 34.37040090 -87.1 '1387697 10.6 61.6 7.77 58.6 
W61 sw 34.45333195 -86.66520073 10.9 91.7 8.11 47.2 
W64 sw 34.46130783 -87.26166618 '11.3 306 7.95 82 

W102 sw 34.42970118 -87.16464431 14.4 54.8 7.78 5.87 
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INTRODUCTION 

Sampling Investigation Trip Report 
Initial Soil Perfluorinated Compounds Study 

Land Application Sites Near Decatur, Alabama 

From March 23 - 25, 2009, the United States Environmental Protection Agency 
(USEP A), Region 4, Science and Ecosystem Support Division (SESD) personnel conducted a 
sampling investigation near Decatur, Alabama. USEPA SESD representatives, along with 
Alabama Department of Environmental Management (ADEM) personnel, conducted soil 
sampling in fields near Decatur, AL where biosolids had been land applied. The sampling 
investigation was requested by the USEPA Region 4 Water Protection Division. 

Personnel that participated in the investigation included: 

PERSONNEL AFFILIA TlON PHONE 
Mike Neill USEPA, SESD, Project Leader 706-355-8614 
Marty Allen USEPA, SESD, Geoprobe operator 706-355-8651 
Sharon Matthews USEPA, SESD, Team l Sample Leader 706-355-8608 

Kevin Simmons USEPA, SESD, Team 2 Sample Leader 706-355-8730 

Heather Byars ADEM - Sample Team I 256-353-1713 
Scott Gravette ADEM - Sample Team 2 256-353-1713 

BACKGROUND 

Biosolids from Decatur Utilities (DU) have been applied to 5000 acres of agricultural 
land in Decatur, AL for the last 12 years. Recent limited sampling results revealed significantly 
elevated levels of pertluorinated compounds (PFCs) in both biosolids and soil samples where the 
biosolids were applied. The Decatur Utilities wastewater treatment fac il ity has received 
wastewater for many years from numerous industrial sources, including facilities in which the 
waste stream may include pertluorooctyl sulfonate (PFOS), perfluorooctanoic acid (PFOA), and 
other PFCs. The public water supply systems in the area were tested and concentrations were 
below EPA's recently released provisional health advisories. 

In January 2009, the USEPA Office of Water (OW) issued drinking water Provisional 
Health Advisories for PFOA (0.4 ~giL) and for PFOS (0.2 ~giL). 

Additional sampling was needed to detennine if PFCs are in the soils at levels that pose a 
threat to human health. Vegetation samples were also collected to determine if PFCs are 
accumulating in the plants. 

The fields selected for soil sampling were on properties that received biosolids from the 
Decatur Uti lities (Figure I, page 9). These included fields with the highest levels of biosolids 
application where cattle are present. 

Initial Soil Perfluorinated Compounds Study 
Land Application Sites Near Decatur, AL 
SESD Project No. 09-0321 

Page 3 of 16 



DISCUSSION OF FIELD ACTIVITIES 

The sampl ing investigation was a coordinated effort with the USEPA, National Exposure 
Research Laboratory (NERL), Ecosystems Research Division (ERD) personnel providing the 
sample containers, and WPD, in with consultation US Department of Agriculture (USDA) 
representatives, selecting the fields for sampling. ADEM personnel accompanied SESD sample 
teams during the sampling investigation. 

Seven fields were sampled as part of the investigation and included fields 101 , 1-4, 15-3, 
17- l a, 18-9, 14-1 I 14-10 and ALMG4 with a total of34 soil samples collected. Twenty-one (21) 
of the samples were composite surface soil samples collected from five fields. Five composite 
surface soil samples were collected from the following four fie lds: 1-4, 15-3, 17-1a and 18-9. 
Each composite consisted of five aliquots (one center and an aliquot 100 feet away in each 
direction, N, E, S and W) collected from the 0 to 4 inch (0 to 10 em) interval. Because of 
concerns about the potential impacts to dairy products, a fifth fie ld (ALMG4) used for dairy 
cattle was included in the sampling investigation. At the time of the investigation, there were no 
observed dairy cattle grazing in the field which SESD sampled. However, discussions about 
fie ld usage with the owner indicated that cattle would be grazing in it later in the spring. One 5-
point composite surface soil sample was collected from 0 to 4 inches from field ALMG4. 

Field 14- 1 I 14-10 was targeted to collect grab samples at three locations. At each 
location, a surface soil sample was collected from 0 to 4 inches, then a subsurface soil sample 
was collected 6 to 12 inches deeper than the top of the 8 horizon (as defined in the Soil 
Conservation Service county surveys and/or by an increase in clay content of the core), followed 
by a subsurface soil sample collected from the 5 to 5.5-foot interval. 

Control samples were collected from a fie ld that had never received biosolids from DU. 
The control sample field was designated 101. Two surface soil samples (one grab and one 
composite) and two grab subsurface soil samples were collected from the control fie ld. 

A vegetation or grass sample was collected with scissors at or near selected surface soil 
sample locations (station A) from each of the seven fields sampled. 

Duplicate samples were collected at Sl-4ED and S 17- 1 aD sample locations. Two field 
blanks and two trip spikes were prepared by USEPA NERL-ERD personnel to assess sample 
collection and handling activities. 

Table I provides data for composite surface soil sample collection activities. Table 2 
provides data for the grab surface, subsurface and control soil samples. Table 3 provides data for 
vegetation sample collection activities. Figure 1 shows the field locations. Figure 2 shows the 
subsurface soil sample locations on Field 14-1 I 14-10. Figures 3 - 7 show the surface soil 
composite sample locations. Figure 8 shows the control soil sample locations. Appendix A 
contains photographs oflocations where samples were collected during the study. 
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METHODOLOGY 

Field sampling procedures were performed by SESD's Enforcement and Investigations 
Branch personnel. Where appl icable, fie ld activities were conducted in accordance with SESD's 
Management and Quality Systems Procedures and the following fie ld measurement and 
sampling procedures: 

SESD Operating Procedure for Sample and Evidence Management, SESDPROC-005-Rl 
SESD Operating Procedure for Global Positioning System, SESDPROC- 11 O-R2 
SESD Operating Procedure for Soil Sampling, SESDPROC-300-R I 

Sample equipment was cleaned with soap and water, and rinsed with methanol. After air
drying, the equipment was wrapped in plastic. 

Chain of Custody documentation was prepared by Kevin Simmons. On March 26, 2009, 
the samples were delivered to the USEPA, NERL-ERD laboratory in Athens, Georgia. 
Appendix 8 contains the Region copy ofthe Chain of Custody. 
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Table 1. C Surf, - - --- -- -- ---. .r - - - -- ---- --- SoilS 

Sample Latitude Longitude 

S1-4A 34.47475031 -87.22953114 

S1 -4B 34.47444462 -87.22889822 

S1 -4C 34.47535305 -87.2295961 

S1-4D 34.47546965 -87.22892823 

S1-4E 34.4768079 -87.22920567 

S15-3A 34.36323571 -87.11340113 

S15-3B 34.36324602 -87.11520324 

S15-3C 34.36420877 -87.11522645 

S15-30 34.3641521 -87.113161 4 

S15-3E 34.36340033 -87.11234886 

S17-1aA 34.49155812 -87.22038707 

S17-1 aB 34.4904549 -87.21999689 

S17-1aC 34.48886351 -87.22025388 

S17-1aD 34.48896308 -87.21819646 

S17-1aE 34.49073343 -87.21787057 

S18-9A 34.46051189 -87.2615666 

S18-9B 34.46079939 -87.26271702 

S18-9C 34.46179013 -87.26316688 

S18-9D 34.46204737 -87.26497075 

S18-9E 34.4610547 -87.26474443 

SALMG4A 34.42429863 -86.71833789 

bls - below land surface 
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le Oat --- - - - - -----

Date Sampler 

3/24 M.Neill 

3/24 M.AIIen 

3/24 M.Neill 

3/24 M.Neill 

3/24 M.Neill 

3/24 M.Neill 

3/24 M.Neill 

3/24 M.Neill 

3/24 M.Neill 

3/24 M.Neill 

3/24 M.Neill 

3/24 M.Neill 

3/24 M.Neill 

3/24 M.Neill 

3/24 M.Neill 

3/24 M.AIIen 

3/24 M.AIIen 

3/24 M.AIIen 

3/24 M.AIIen 

3/24 M.AIIen 

3/25 M.Neill 

Sample Sample Sample Sample 

Equipment Interval (bls) Type Description 
dark brown moist soil, very root rich, 

spoon/pan surface 0-4" composite clayey/silty 
reddish brown clay, moisture varies from 

spoon/pan surface 0-4" composite verymoist to dry 
dark brown soil, more clayey with depth, 

spoon/pan surface 0-4" composite good root system 

spoon/pan surface 0-4" composite dark brown clayey soil. dry 
reddish brown dry clayey soil, 

spoon/pan surface 0-4" composite good root system 
brown sandy silt loam, not much clay, 

spoon/pan surface 0-4" composite some roots 
dry clay, good root system, reddish 

spoon/pan surface 0-4" composite brown, some silt 
dry clay, good root system, reddish 

spoon/pan surface 0-4" composite brown, some silt 
yellowish brown dry clayey silt, some 

spoon/pan surface 0-4" composite roots 
dry, some roots, clayey silt, medium 

spoon/pan surface 0-4" composite brown, biosolids (?) 
dark brown organic loam with some 

spoon/pan surface 0-4" composite roots. sparse pebbles 
dark brown organic loam with some 

spoon/pan surface 0-4" composite roots, sparse pebbles 
dark brown organic loam with some 

spoon/pan surface 0-4" composite roots, sparse pebbles. clay 

spoon/pan surface 0-4" composite more clayey soil, hard, dry 
dark brown to reddish soil, good root 

spoon/pan surface 0-4" composite system, some clay 

hand 
auger/pan surface 0-4" composite brownish loam with clav, some sand 
hand 
auger/pan surface 0-4" composite brown loam with some sand and clay 

hand reddish brown soil with clay and a little 
auger/pan surface 0-4" composite sand 
hand reddish brown soil with clay and a little 
auger/pan surface 0-4" composite sand 
hand reddish brown soil with clay and some 
auger/pan surface 0-4" composite sand 

spoon/pan surface 0-4" composite brown sandy soil, some roots 
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Table 2. Grab Surface, Subsurface and Control Soil Samples 
Subsurface Soil 

Sample Latitude Lonqitude 

S14-1A1 34.48815 -87.24968 

S14-1A2 

S14-1A3 

S14-1081 34.4880741 -87.25102996 
S14-1082 

S14-1083 

S1 4-10C1 34.48703298 -87.25179481 

S1 4-10C2 

S14-10C3 

ControlS - ---- - -

S101A1 34.4312453 -87.17015382 

S101A2 

S10181 34.42896274 -87.16606915 
S10182 

Initial Soil Perfluorinated Compounds Study 

Land Application Sites Near Decatur, AL 
SESD Project No. 09-032 1 

Sample 
Date Sampler Equipment 

3/24 K.Simmons spoon/pan 

3/24 K.Simmons Geoprobe 

3/24 K.Simmons Geoprobe 

3/24 M.AIIen hand auqer/pan 

3/24 K.Simmons Geoprobe 

3/24 K.Simmons Geoprobe 

3/24 M.AIIen hand auger/pan 

3/24 K.Simmons Geoprobe 

3/24 K.Simmons Geoorobe 

3/23 M.Neill spoon/pan 

3/23 M.Neill Geoprobe 

3/23 M.Neill spoon/pan 

3/23 M.Neill Geoprobe 

Sample Sample Sample 
Interval (bls) Tv pe Description 

dry reddish brown soil with clay; thick root 
surface 0-4" qrab mass near surface 

reddish to brown clay with small specks of 
an unknown material (biosolids ?) from 

subsurface 14-20" qrab about 12-20" 
yellowish clay with possible manganese 

subsurface 60-65" arab nodules 

surface 0-4" arab brown loam with clav and some sand 
subsurface 16-22" arab reddish clav soil, friable 

reddish clay with dark nodules throughout, 
subsurface 60-65" arab oossiblv manaanese 
surface 0-4" qrab reddish brown soil, mostly clav 

reddish brown friable clay with specks of 
biosolids carried down from surface: no 

subsurface 16-22" qrab specks on inside of core 
very tight clay with grayish mottling near 
the 72-84" interval. Specks of biosolids on 

subsurface 60-65" qrab outside of core from 60-72". 

surface 0-4" arab reddish brown clav loam with small roots 
reddish brown clayey loam with possible 

subsurface 15-21" arab manaanese nodules and some sand 
surface 0-4" composite reddish brown clay loam with sand 
subsurface 15-21" grab plastic red clay 

Page 7 of 16 



Table 3. v, tation S - - - - ---- - - - -- - ~ - -

Sample Sample 

Sample Latitude Longitude Date Sampler Equipment Type 

S1 -4AG 34.47475031 -87.22953114 3/24 M.Neill scissors grab 

S15-3AG 34.36323571 -87.11340113 3/24 M.Neill scissors grab 

S17-1aAG 34.49155812 -87.22038707 3/24 M.Neill scissors grab 

S18-9AG 34.46051189 -87.2615666 3/24 K.Simmons scissors grab 

SALMG4AG 34.42429863 -86.71833789 3/25 M.Neill scissors grab 

S14-1AG 34.48815 -87.24968 3/24 M.AIIen scissors grab 

S101AG 34.4312453 -87.17015382 3/23 M.Neill scissors grab 

* Dr. Dennis Hancock, Assistant Professor and Forage Extension Specialist, 
University of Georgia, Crop & Soil Sciences Department identified the plants. 
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Sample 

Description* 

tall fescue 

tall fescue 

tall fescue 

tentatively Bermuda grass or Bahia grass 

barley 

tentatively Kentucky bluegrass 

tall fescue 
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FIGURE 1. FIELD LOCATIONS 
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FIGURE 2. SUBSURFACE SOIL SAMPLE LOCATIONS; FIELDS 14-1 & 14-10 
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FIGURE 3. SURFACE SOIL COMPOSITE SAMPLES; FIELD 17-1a 
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FiGURE ~ _SURFAC_E SOIL COMPOSIT~_§AMe~E_S; FIELp 15-3 
- - -
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FIGURE 6. SURFACE SOIL COMPOSITE SAMPLES; FIELD 1 ~-9 
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FIGURE 7. SURFACE SOIL COMPOSITE SAMPLE; FIELD ALMG4 
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- 5-point composite area 
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